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AUTHORS: rarnovskiy, I. Ye., Ganago, O. A. Yaysburd,. R. R.
e
TITLE: Calculating the forces in drop and forging

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. Chernaya metallurgiya, no. 2

1961, 51 - 61

TEXTs - The rafed pressing streés‘.oﬂ presses has %o be seléo;ed for the ex-
f£inigh. forging when the surplus metal of

pected maximum pressure required, 1.e., 3
the blank is forced out into the flash. The highb number of existing theoretical
and empirical formulae show that the .problem 18 .both -important: and difficult 2

golve. Usually the zone of plastic deformation at the flash space 1s determined
experimentally and the data aré used -for caloulations. - The authors congidér this

practice wrong since the resulis are correct for the definite experiment conditias [
only, and use a different approach. The article presents a mathematical analysis

in which the ‘gpreading of the p
termined theoretically for the minimum (instead ofithe maximum) full deformation
ed in three previous works [Ref. 8:

energy. This principle {tself had been treat '
I. Ya. Tarnovskiy, A. A. Pozdeyev, V. B. Lyashkov. Deformatsiya metalla pro pro- .
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katke (Metal deformation in rolling), Metallurgizdat, 1956; Ref. 9: I. Ya. Tar-
novskiy, O. A. Ganago, T A. Vaysburd. 'Nauchnyye doklady vysshey shkoly. Metal-
lurgiys, 1959, no. 1; Ref. 10: I. Ya. Tarnovskiy, A. A. Pozdeyev. "Nauchn. dokl.
v. Bhk. Metqllurgiya", 1958, no. 1]. Numerous experiments had been conducted with
coordinate networks traced 1in different portions of speocimens and deformations
gtudied with +b0l microscope, and the same means were used later for verifylng the
theoretioal‘ponclusions. A formula describving the real spread of the plastic de-
formation into the die cavity has peen derived &see Figure 1, a):

n_ = hy+ 8h 1 - ——), (1)
nh3 13( 3’('2‘)

where h - ourrent ordinate {or height) of expending seat of plastic deformation;

a; - ipdeterminate (variable) parameter. The formula (1) determines only the
shape of the poundary between the rigid (1) and the plastic {2) zone in the forg-
ings, but the volume of the plastic deformation zone depends on the variable para-
meter (al). This parameter is determined by the following analysis. An electronic
computer had been used for more accurate calculations. The Simpson rule and the
Siehel formula (the latter for the determination of specific contact friction) are
employed in the derivation of the £4nal two simple formulas (12) and (13) for the
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cage of flat and ofiaxially'symmeprio forgings:
____2-———" = W _—2—- i
1355 1+ 0.25 H, » | (12)

vhere B = 2b is the width of the forging with the flash brldge; Hy= 2n, - the
flash thickness: : “

_ _‘_g_-.,1+o.17-%—:,” R (13)
where D is the forging diameter with the flash pridge. The formula (12) corres-
ponds the formuls obtained by Unksov [ref. 12: Plasticheskeya deformatslye pri

kovke 1 shtampovke (Prastic Deformation in Forging ‘and'Stumping) , Mashgiz, 1939

for. the calculation of the stresses during upsetting petween tWo purallel plates,

and the formule 18 ¥nown as the giebel formula derived for the case of upsetting

of oylinders. Tnis coincidence of the formulae jeads to an important conclusion = ¢
that the value of the force required for finish forging depends not on the -configur-
ation of the forging in the vertical cross section, put on the ghape and dimensions

of the forging in the:plane;,the_flaSh thickness, and the temperature and speed of
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stampin(;. 1»’-1xper:!.men’r,c conducted with lead forgings gave results confirming this
es eand 13 Soviet-bloc references. .

qoi\olusion; There are 5 figures, 3 tabl
. Figure 13
a - flat problem; ' b - axially symetric problem.
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AUTHORS: Parnovakly, - L. Ya., Pozdeyev, A. A., Meandrov, L. V., Khasin, G. A.

The dependepce of the defprmation resistance on the ductils proper-

TITLE!
ties of steel in hot pressure working

PERIODICAL: Iavestiya vysshikh uchebnykh zavedeniy. Chernaya petallurglya, no.
3, 1961, 82 - 0

Tests have been sarried out with the upsetting of 16 diff

erept steel

gec-1. The article presents detalls

ed in the form of graphs,

stress value variations with the deformation degres, as well as with deformation

rate at differeat temperatures. The growth of
ing) of some steel gr
to be BO insignificant
deformation resistance characteristio, bub
haviour was different, and the conalusion was drawn that the effeat of the de-

formation degree ghould by all means be taken int
studied. The increasze in the deZormablon rate also considerably ralsed the de-

Card 1/3
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TEEf:
grades at 900 - 1,200°C and three difterent deformatlen ratess 0.05; 7,5 and 150
of the experiment techniques, ‘he data obtalsa-

and dertvation:,of-formulae., The graphzﬂprelent the real

de®ormabion.resistance (.65 harder
ades at 1,1C0 - 1,200°C, and a low deformation rabte were found

et high deformatlon rates the steel be-

o acoount for all the steel types
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formation raslstance. A formula was derived that axpresses the pehavior of the
majority of the 16 steel grades with suffiolent acouracy! :

Enn=dg+m(1+§—‘i—) | (é)

yhere Gan 18 the deformation reslsvende during linear stressed state and fo rate;
6' - the deformation resistance at aero deformation-rate; ¢ , = the deformatinm
rade during statio tesis) - any @sformation rate; K - & ooeffislent that
depends on the steel grade; %emi;erature and deformation degres, in kg/mr=. The
goef{islent presents in a physical asnse the "tough resistance of metal 4~ delor-
mation". Its gonnection with the toughness fachor 15 analysed; and 8 table L3
{ncluded giving the gumprical values of K and €% oaloulated for two of the aiuiled
steel grades (@t different temperatures and des3rmation rates) - 18 XHBA (:8mNVA}
%nd X18H12M2T (memauz'r) gteel. It is pointed out that the simplified duvsill-
¥ equation for #1at employed usually in pressure working theory

61-63 = 1.156 )

. 1 \
does not suffiolently express -the veal properiies of steel at high_ temperatures.
The new equatlon of rough-duotile shate derived Syom e:q)erimantal data 1is

Card 2/3
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61-63-1.156;-&4/&;‘6“,% 1‘ L. ©) -

uhere./c'e 1s the mean (for the entire body volums) value of she toughness 0o~

efficient A% the given deformation moment, and ¢! - the extrapolated yleld limit
that accounts at any given moment for the degree 8¢ the preceding deformation

of the body. Equations are derived also for the case of any stressed state. The

numerical values of the K coefficient render 1t easy to find the toughness coeffi-
cient for heated steel also under different .deformation conditionms. There ars 7

figures and 4 Sovied-blos references. v v
ASSOCIATION: Ural’skiy:pqli%ekhnioheékiy;1nst1tut tho Ura}ifblytoohn;o Institute)

Y] o -
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Physical equations for the mechanics of a deformed selfd in the
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AUJTHORS @ Tarnovskiy, I.Ya., Levanov, A.N., Skornyakov, v,.B,
‘Marants, B.D. : :
TITLE: Investigation of contact friction forces during

reduction (by forging)

FERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Chernaya
metallurgiya, 1961, No.6, pp.53-59

TELY: Whan operations of the sgueezing group are used to form a
metal component, the working pressureé required to effect the plastic
datormation, the character of the metal flow and the distribution
of stresses and strains depend upon the frictionai forces in the
area of ccntact between the tool and the metal being worked, '
Experimental determination of these rorces has been the subject of
many investigations in which, however, methods and equipment both
complex and inaccurate have been used. In the present paper, its
authors describe a simple equipment with the aid of which accurate
dnta on the contact friction forces can be obtained, irrespective
oF whether static or dynamic loads are used to deform the metal,
The equipment (Fig,la) comprises a measuring block (2}, split in
ttie centre and held together by a rod (4) incorporating wire strain
Card 1/9
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gauges, The measuring block is placed horizontally between the
uprer (3) and lower (1) plates of a sub-press assembly, so that two
test pieces (shown in the diagram by cross-hatching), placed on
either side of the measuring block, can be simultaneously deformed,
The test pieces must be placed precisely in line and, in the case
of cylindrical specimens, a jig.(shown in Fig.lb) 1is used for this
purpose. In both the upper and lower heads pins (6 and 7),
siiding freely in their bushes, are inserted, One end of each pin
is in contact with the test piece, tlie other presses against a
measuring rod (5 and 8), also equipped with wire strain gauges,

The position of the measuring block can be changed with the aid of
an adjusting pin (9). When pressure is applied to the sub-press,
assembled as shown in Fig,la, the normal forces in the area of
contact between the measuring block and the two test pieces balance
each other. The sum of the two friction forces is transmitted onto
the measuring rod (4). Consequently, the rod is under the action
of a force which is twice the contact friction force, acting in a
given part of the contact area whose magnitude depends upon the
position of the test piece in relation to the plane of contact of
two halves of the measuring block. The pressure exerted on the
Card 2/9
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test pieces is transmitted by the pins (6 and 7) onto the measuring
rods, Pressure and friction forces are recorded with the aid of
an oscillograph, This method can be used for measuring the
contact friction forces both during flat deformation and during
compression of cylindrical specimens deformed at “arious rates of
dgtrain., By varying the distance S between the centres of the '
test pieces and the parting plane of the measuring block, the
integrated contact friction force can be determined as a function

of S and tangential stresses at any point of thas contact area .

van be calculated, In the case of flat, rectangular test pleces,

the calculation consists of differentiation of the experimentally
determined relationship between the integrated friction force

and 8§, The treatment becomes more complex for a cylindrical test
piece, axially compressed, In this case, the relationship

between the tangential stresses and the experimentally determined
equivalent force F(s) acting on the segment determined by the
distance s (Fig.2) is given by ar

F(s) = 2? ?“r(r)r sin ¢ dr d o (1)
Card 3/9 K %o
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where r and § are the polar coordinates of points on the
contact area, 1(r) is the sought function of the distribution of
the tangential stresses along the radius of the contact area and
K 1s the current value of the radius determining the boundary of
a given segment along the cord, A method of solving this

equation is given and applied to experiments in which the contact
friction forces were measured during axial compression of
cylindrical lead. specimens of 36 mm diameter and 36, 12, 6 and 3 mm
high, Thirty tests were carried out for each do/hy ratio,

where d, and ho denote the diameter and height of the specimens,
respectively, The apecimens were compressed to approximately

12% reduction in thickness at a strain rate of 6 mm/min. The.
surface finish of the measuring instrument was Va - The results
are reproduced graphically, Those obtained for gpecimens with
do/ho = 1 are shown in Fig.4, where F (kg, left-hand scale,
curve 1), 1t (kg/mm2, right-hand scale, curve 2) and pressure p
(kg/mm2, right-hand scale, curve 3) are pPlotted against S (mm),
The results obtained for specimens with db/ho = 12 are shown in

the same manner in Fig.7. The results of the present
Card 4/9
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inveatigation confirmed the earlier views (Ref.9: I.Ya, Tarnovukiy,

.+ AA,Pozdeyev, 0,A,Ganago, '"Deformation and forces in pressure

- .forming of metals", Mashgiz, 1959) on the relationship between thel
friction forces and the geometry of the deformed specimens and on-
.the distribution of these forces in the contact .area. They also
confirmed the fact (Ref,10: A,I,Tselikov, Stal!', 1958, No.5) that
. the contact friction forces increase as the do/ho of the
. ‘specimen increases, There are 7 figures and 10 Soviet

i references.,

:ASSOCIATION' Ural'skiy politekhnicheskiy institut
(Ural Polytechnical Institute’)
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AUTHORS: Smirnov, V.,K. and Tarnovskiy, I.Ya.
TITLE: Forward slip in the transition zones in rolling of

periodic profiles

ERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Zhernaya
metallurgiya, 1961, No.6, pp.95-104

TEXT: Most periodic profiles, produced by longitudinal rolling,
.snstitute various combirations of flat and tapered sections,

in rolling profiles of this typs, there are moments when two or
more parts of the rolls with different curvatures are in the
deformation zone. In the present papsr, an analysis is carried
a1+ of the conditions for the case When no more than twsa different
portions of the rolls are simultaneously in the deformation region,
All possible combinations of flat and tapered sections ars cshown in
Fig.,l, where the direction of rolliny is from left to right.

When a strip of this type is rolled, r0ll portions with diminishing
and increasing radii can be simultansously in the deformation zonej
this corresponds to a transition from rolling with decreasing draft
+ rolling with increasing draft, When roll portions with
inzreasing and constant radii are in thz deformation zone, i1his
tard 1/6

)
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ssrresponds to transition from roliing with increasing draft to -
rolling at a constant draft etc. The variants shown in Fig.l are

divided into two groups: one comprising the variants a,6 ,8 and
2 the other comprising variants 9 y €, M and W, Rolling of
apered strip under conditions of diminishing draft can be regarded
43 a particular case of the first group; similarly, rolling of
tapered strip with increasing draft is a particular case of the
sccond group, (Variants @ and W s less common than the remaining
¢res, are not considered in the present analysis,) The geometry of
ralling according to variants a and ® , relevant to the subject
under consideration, are shown in Fig.2a and 2§ respectively,

It is with reference to this figure that general formulae are
derived in the following paragraphs for the central angle of
contact 6, and for the critical angle Yy, the latter being
determined from the equilibrium of the horizontal components of
forces in the deformation region, The change of the critical
angle Yy with the rotation of the rolls is then considered and

the rolationship between Y and various rolling parameters is
discussed, A formula for the momentary forward slip is then

derived, the term "momentary" signifying the fact that the forward
Card 2/6
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B S S T . -
g}ip in the case under consideration continually varies,. The
. validity of this formula was checked by experiments carried out on
“lead strip of the type shown on top of Fig.7. Test pieces of
various sizes were rolled under various rolling conditions, Y
Typical results for 2 sets of experimental conditions are shown in )
Fig.7 (bottom), where the forward slip S" is plotted against the o
distance (given in mm on the circumference of the rolls or in e
degrees of the angle 6) from the point of minimum roll radius, .’
Although the validity of the analytically established relationships
was qualitatively confirmed by the experiments, in many cases the
experimental values of S" differed from the calculated values,

This was attributed to the fact that the formula S" derived by o0
the present authors, did not take into account the zone of '
sticking friction. There are 8 figures and 11 Soviet references,
ASSOCIATION: Ural‘'skiy politekhnicheskiy institut
(Ural Polytechnical Institute) .
g
SUBMITTED: January 4, 1960
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AUTHORS : Pozdeyev, A.A.,, Tarnovskiy, I.Ya., Zykov, Yu.S.
TITLE Foundations of the theory of visco-plastic

deformation of metal during rolling

PERIODICAL: Izvestiya vysshikh uchebnykh zavedenly. Chernaya
metallurgiya, no.10, 1961, 50-58

TEXT: Experimental evidence indicates that a hot-worked metal
possesses both plastic and viscous properties and should therefore
be considered as a complex visco-plastic medium, In contrast to
the theory of .small elastoplastic deformations in which the
equations of state for a deformed metal establish the relationship
between the stress and strain components, the corresponding
equations for the theory of visco-plastic deformation describe the
relationship between stress- and strain (deformation)-rate

components., One -advantage of using the latter theory as a tool
for stucdying the mechanism of hot deformation is that it is
concerned with increments of stress and strain rates. As a result

the limiting condition of small degrees of deformation no longer
applies and the theory can be applied to studying the variation of
the stress-strain state at any moment of the deformation process.

Card 1/8
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In the present paper, this theory is applied to the analysis of !
the mechanism of flat hot rolling. A slab of rectangular cross- b/
section is considered whose dimensions are H, (thickness), -
‘Lo (length) and B, (width). Its thickness is reduced during
rolling by AH and its final dimensions are H;, L; and Bj,
the half-thickness and half-width being denoted by h and b
with appropriate indices (0 or 1). The relationship between
'stress and strain rates is described by a . .
set of equations for a visco-plastic medium (Ref 2: L.M.Kachanov,
Mechanics of Plastic Media. Gostekhizdat, 1948)

. B . .i ) ’
: ‘g:..-d':. 1,—H-+2P-En T:yﬁ 7; I f"' nl” l
. £ , .
c,—.a=2t‘—’;—+2§l~ v Tyz =Ts " + P’"‘yv ! N 4 D)
’ 1
i ,0,--a=2't."i}"+2l—'~'5,2 L TS n" }‘pn""
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in which y' (tensor coefficient) represents the coefficient of
proportionality_between the components of stress and the rate of
deformation. Jordan's principle (Ref,.3: L.S.Leybenzon,

Course of Theory of Elasticity, Gostekhizdat, 1947) - applied to
an incompressible metal is expressed by |

S‘U (o,%, +o,BE, +eeet ‘Fnbnf:)dv'.: j;j (X,‘BU}-}- vynavy + .
' +2Z,80)dS, : ()"

(3]

—— T e e e e e e e

where X, Y,, 2, - projections of external forces applied to
the body under deformation, on the axis of the coordinates;

O6vy, bvy, bv, - variations of velocity components of the
displacements on the points of the- body on which external forces
are acting, The left hand side of Eq.(4) represents the
variation of the work of internal forces, while the right hand side
represents the variations of the work of external forces,
Utilizing Eq.(1), applying calculus of variations and introducing a

Card 3/8
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new system of coordinates té the right hand side of Jordan' s
equation it will become

f([lr ez o[ 2T ]
: . S e .

where. H - the intensity of the velocity of deforration due to
shear; vp = roller velocity; ¢, - the angle characterizing the.
point considered (0 £ ¢y, £ a); o« - contact angle; 7Tg - yield
point under shear; vx,Vy,vz - velocity components (v, = vyxtan 9y).
Jordan's equation presen¥ed in this form is applicable to the
analysis of the process of rolling on plain rollers. If the work

of shear lost on overcoming resistances T4 1is also included, it
becomes:

Card 4/8
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aU 5(<,H+l‘2L //=)dv+z‘:”<,lv,ld8+
v ', ) sl
: ,'r v? (v —~22YdS |=0,
. +?:jjv/_y ( » cwh) -]
. S’

I o (17)
in which summation is extended over the surfaces of the '
discontinuities of the velocities and vy represents the
difference between the velocities on the surface of discontinuity,

Eq.(16) or (17) should be combined with an equation expressing the
law of energy conservation. The work done on direct rolling is:

up o L]

; an= M"pm=2Rm[5‘Sqﬂ‘ds_S‘S‘q":dS] ,
| ' St S (18)

Sy

where M - roll torque (for two rollers); uw - angular velocity;

R =« roller radius, The work done on overcoming friction forces
and internal resistances is

Card 5/ 8
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e [fomimannlfy oL

Uy
€0 P (21)

Taking into account the work lost on the surfaces of
discontinuities and the condition Npp = NA leads to

I L ‘ ' L
N =y, §r, dS — <, dS] — o+ HYdY —
“lfres = frds) = fff v e

—,-{at,j‘ J l/ u;+ (u,— -—«T:’t-)’dS-—«i‘zjjt,[v,]dS == 0.
- "‘ (26)

where ¥y - critical angle, Eq.(26) and (17) taken together
define the problem for the calculus of variations. They contain

three unknown quantities VxiVy,Vz and their derivatives which

have to be determined in such a manner that, on one hand, the
Card 6/ 8
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integral is to assume its maximum value and, on the other, the
Eq.(26) be satisfied. Moreover, the functions Vxi1VyiVy should
satisfy incompressibility condition

;- 00y + duy +46m';0. . (29)

ax dy . 8z .

The solution can be obtained with the use of the calculus of
variations (Ref.10: S,G.Mikhlin. Direct methods in mathematical
physics, Gostekhteorizdat, 1950; Ref.ll: L.V.Kantorovich, .
V.I.Krylov. Methods of approximation of higher analysis,
Gostekhteorizdat, 1949). Thus, the velocity of the metal at any
point of the volume of deformation region can be determined,
whence all rolling parameters can be calculated, The power

expended on deformation Na can be found from Eq.(21), If Na Y
is known, the rolling torque Nn can be determined from Eq.(18),
and the roll force can be calculaged for a given roll radius.

The velocities at the entry and exit points of the deformation
region (v, and vy) are calculated from the known value of vy .
Then, from the ratio of the initial-to-final cross-section area of

Card 7/8
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" this slab or from the values of v3 and g, the elongation A
‘can be -calculated. from ' : :

_Eg_ = IS T A
Fy Vo '

The lateral spread can be then calculated for a given draft, from
‘the ‘condition of constant volume of the deformed metal, The:
velocities vx,vy and vz can be used also to construct
trajectories of displacement of metal particles in the deformed
region relative to the rolls, as has been described carlier
(Ref.12: A.A.Pozdeyev, V.I.Tarnovskiy. Izv, VUZ. Chernaya
metallurgiya, no.6, 1959). There are 12 references: 1l Soviet-
bloc and 1 Russian translation of non-Soviet-bloc publication.

ASSOCIATION: Urél'skiy politekhniche;kiy institut
: (Ural Politechnical Institute)

SUBMITTED: March 9, 1960
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AUTHORS: Tarnovskiy, -I. .Ya., Skorokhodov, A. N.
Y -
TITLE: Mechanics of metal deformation at rolling complex shapes

PERIODICAL: Referativnyy zhurnal, Metallurgiya, no. 6, 1962, 3, abstract 6D10
("Pr. Ural'skogo politekhn. in-ta", no. 127, 1961, 19 - 32)

TEXT: The modern conception of the stressed and strained state of metal at

rolling complex shapes is described. In view of a great variety of complex
shapes, a classification of shapes in groups is suggested. 1. By the form: a)
with two planes of symmetry (H-beams and other), b) with one plane of symmetry
(rails, T-beams and others), c)without planes of symmetry. 2. By conditions of
lateral deformation: a) with a free expansion, b) with a restricted expansion,
¢) without expansion. The analysis of the mechanics of metal deformation shows
that neither Brovo's nor Tafel's method can be accepted as a correct one, It
should be recommended to use electronic machines for performing calculations,

since the functions derived are very cumbersome.

[Abstracter's note: Complete translation] N. Yudina
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Applying the method of hydrodynamic approximations to variaticnal
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1, Ural'skiy politekhnicheskiy institut
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Prubin, V. N., Candidafé of Technicai Sciences, and I. Ya. Tarnovskiy,
Doctor of Teshnical Sciences, eds.

Kovka krupnykh pokovok; rezul'taty 1ssledovaniya tekhnologicheskikh
prezhimov (Production of Heavy Forgings; Results of a Study of
Pechnological Methods). Moscow, Mashgiz, 1962. 223 p. 3800

coples printed.

0. A. Ganago, Candidate of Technical Sclences; Tech. Bd.:

Reviewer:
N. A. Dugina; Executive Ed. of Ural-Siberian Department (Mashgiz):

E. L. Kolosova, Englneer.

PURPOSE: This book 1is intended for engineering personnel of forging
shops and englneerlng and design offices at heavy-machinery plants,
as well as for those working in scientific-research and planning
organizations. It may also be useful to students at higher educa-

tional establishments.
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Production of Heavy Forgings; (Cont,) s0v/6162

COVERAGE: The book reviews technological problems of forging large
8teel ingotas., The effect of reduction and conditions of deforma-
tion on the quality of forgings is discussed on the basis of re-~
search work done at heavy-machinery plants of the USSR. The book
offers praectical suggestions on improving the quality of large
forgings and reducing the amount of labor required to produce
them. I. Ya. Chernikhova, .V, I. Tarnovskly, and.vV. P, Bakharev
took .part in preparing the copy for publication. There are 193 ref-
erenceg, mostly Soviet.

TABLE OF CONTENTS :
Foreword \ 3
Ch. I. Effect of Technological Parameters of Forging
on the Quality of Forgings 5
Deformations and stresses during drawing and up-

setting operations (Tarnovskiy, I. Ya., and V. N.
Trubin - R
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Mechanism of "welding" of internal defects in metal
(Trubin, V. N., and I, Ya, Tarnovskiy)
Welding of internal defects during orging (Sokolov,

[ ] [ ]

! Effect of forging on the density of metal (Sokolov,
I -

EBffect of forging on the shape of nonmetallic in-
clusions and anisotropy of mechanical propertlies
in large steel parts ?SOkolov, I. G.)

Effect of heat-treatment.conditions on the anisotropy
of mechanical properties of forged steel (Trubin,
V. N., and I. Ya. Chernikhova) .

Ch. II, Changes in Metal Quality Caused by Drawing of
Carbon-3teel Ingots h ,
Basic principles . T
Forging of 5-ton ingots (Trubin, V. N., and I. I.
Grigor'yev) .. c
Forging of 6-ton and 10-ton ingots (Nedosekin, L. I.,
and V. M. Korovina) )
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' Ch. V. Improving the Technology of Forging from
. Large Ingots 187
Selection of best methods for disk forging on the
basis of model analysis (Tarnovskiy, I. Ya.,
B V. N. Trubin, and 8. G. PuchKov)™ 187
¥ Rational technology of forging of backup and work-
ing rolls [for rolling mills] (Golubyatnikov, N. K.) 207
Improving the technology of forging rotors and disks
(Nedosekin, L. I., and V. M. Korovina) 212
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{Compiling and editing paps]Sostavlenie i
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Moskva, Geodezizdat, 1962, 238 p.
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TURKINA, Ye.D., tekhn, red.

gptember 26, 2002

{Longitudinel rolling of merchant shapes with & varying cross
secheniia.

section) Prodolinala prokatka profilei peremennogo
(MIRA 1537)

Sverdlovsk, Metallurgizdat, 1962. 366 pe
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5/182 62/000/001/002/004
1038/D113

AUTHORS: frubin, V.N. and Tarnovskiy, I.Ya.
metal by upsetting

$:0. 1, 1962, 6-11

TITLE: ¢losing of internal defects in

PERIODICAL: Kuznechno-shtampovochnoye proizvodatvo,

PEXT: The author deals with research on the closing of internal defects
in large forgings by upsetting,since the mechanism of this process has

not been sufficiently jnvestigated. Upsetting tests conducted on blanks
consisting of compound lead templates provided with artificial defects

had demonstrated that the closing of internal defects during the stress
state similar tO linear strain occurred only along the forging height,

and the radial dimensions of defects had jncreased. It was impossible to
close the internal defects in through holes during the lineer
strain. However, the closing of internal defects located along the height,
and in radial directions was made possible by all-round compression. Dur-
ing uneven upsetting,the jnternal defects closed only in the central por-
tion of the forging'i.e. in the zone of greatest deformetion. The shape of

™

_Card 1/2




RS TN EY ORI SN T :TV.: ‘ SR

3T n i et k5 ilp
~ TAPPROVED Al ursaay,; september Z0; Zuu a s
APPROVED FOR RELEASE: Thursday, ’September 26, 2002 CIA-RDP86-00513R001755020004-7 =

L RN e = e - e
0743183 B am e oo e e e e .

5/182/62/000/001/002/004
Closing of internal ........ D038/D113

upsetting plates and the presence of an aperture in the lower upsetting

plate affect the closing of internal defects. A description of upsetting

on flat plates with and without oil and graphite lubricant, the mechanism

of the closing of internal defects, and upsetting of a 34 XHIK 34KnN1M) V//

steel blank are included. The work of A. Tomlinson and I. Stringer (Ref. 1: —
- The Closing of Internal Cavities in Forgings by Upsetting, Journal of tho

Iron and Steel Institute, March 1958), and that of M.V. Rastegayev (Ref. 2,

Vestnik mashinostroyeniya, no. 3, 1960) is mentioned in the article. There

are 10 figures and 3 referenceg: 2 Soviet-bloc and 1 non Soviet-bloc. The

English-language reference is: A. Tomlinson, I. Stringer. The closing of

Internal Cavities ih Forgings by Upsetting, Journal of the Iron and Steel

Institute, March, 1958.
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AUTHORS: Pozdeyev, A. A., Tarnovskiys I. Ya., Vaysburd, R, A., Orlov, s. N.
On the calculétion of force in pressing aluminum alloy rods V

TITLE:
PERIODICAL: Tzvestiya vysshikh uchebnykh zavedeniy,'Tsvetnaya metallurgiya,
-no. 5, 1 2, 145 - 155 .
PEXT: In order bto develop methods of detérmining the force in pressure
pted the derivation of a formula to calcu-

als, the authors attem

using direct methods of variation calculus.

1ate the force in rod pressing.
Force and pressure are calculated with the use of a rough, approximate metal flov¥
is divided into 3 sections, the velocity

diagran ( Fig1) vhere the container
u,t 45 the depth of deformation

field is xinematically possible, and value "2
ified formula for the necessary force in precsing

spread. The following simpl

working of met

SRS g

\ S

rods 18 derived: .‘~uﬂ,ﬂ, s
. pe : '\‘;0. A+ Q. L,
g - 11t 115 180 * 2\ T YR 1+28 75 6)
erimentally checked and their

Mis the.extrusion. The calculated data were eXp
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8/1“9/62/000/005/008/008
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On the calculation of forcé in...
d the relation obtained for

ent makes it possible to recommen
£ the pressing force for aluminum alloys. Calculations with
(6) are simple and do not yleld indefinite results as e.g.
jotted to facilitate caloulation (Figure 7).

satisfactory agreem
the determination O
the use of formula
Gubkin's formulae. Graphs are p
There are 2 tables and 7 figures.
tut (Ural Polytechnio Institute)

Ural'skiy politekhnicheskiy insti
iyem (Department of Pressure

Kafedra obrabotki metallov davlen
Working of Metds)

ASSOCIATIONS:
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On the calculation of force in...

atal flow and

Kinematlc diagram of m
ing rods from

Figure 1.
shear volumes in press
g round contaliner '
Legend: Tn is the rod radius; R is the con-
tainer radius; 1, is the 1ength of the pressed
ingot; 1l is the length of the operational . i
zone of the die; a is the depth of deforma- \.
tion seatb spread (variable parameter) i
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Pigure 7. Graph of function 57 = £ D, for K = 1, <.
! s /

(K is %;5; Ts 1s friction stress; <T'g is the shear yield point)
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Investigating the poesibility of manufacturing reilroad rails

by drop forging in dles (without subsequent rolling). Kuz.-
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TARNOVSKIY, I,Ya.; SMIRNOV, V.K.; KOTSAR!, S.L.

Increase in width during the yolling of strips of variable
thickness, Izv, vys, ucheg, zav.; chern met, 5 no.1:101-
111 62, (MIRA 15:2)
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Analysis of deformaiions in the rolling of croos~like nhapes by
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n00656 "-‘70 '620 (MIRA 1537)

1. Urnltskiy politekhnicheskiy institut,
(Rolling (Metalwork)) (Deformetions (Mechanics))
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_TARNOVSKTY, T.Ya.; SKOROKHODOV, A.N.

Rolling of H-beams with free widening. Izv. vys. ucheb, zav,;
chern. met, 5 no.8:62-68 162, (MIRA 15:9)

1. Ural'skiy politekhnicheskiy institut.
(Rolling (Metalwork)) (Beams and girders)




Ui T m 7
APPROVED FOR RELEASE: Thursday, September 26, 2002  CIA-RDP86-00513R001755020004-7"

ZYKOV, Yu.S.; TARNOVSKIY, I.Ya.; POZDEYEV, A.A,

Investigating by the variation method the widening of the
B metal during hot rolling in plain grooves. Izv. vys. ucheb,
zav.; chern, met, 5 no,10:77-87 162, (MIRA 15:11)

1. Urallskiy politekhnicheskiy institut,
(Rolling (Metalwork))
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Depth of the zone of plastic deformation at the lamination of
high bars, Analele metalurgie 16 no,2:1163-175 Ap~Je '62,
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TARNOVSKIY, I,Ya., prof,, doktor tekhn, mauk; POZDEYEV, A.A.; kand,
tekhn, nauk; KOIMOGOROV, V,L,, kand, tekhn, nauk
Calonlating frictional forces in variational problems of

metalworking by pressure, Stal! 22 no,6:538-539 Je 162,
(MIRA 16:7)

(Metalwork) (Internal friction)
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' SYCHKOV, B.D. i

Ingot rolling in the 1150 slabbing mill, Stal' 22 no.8:720-727
Ag 62, } (MIRA 15:7)

1, Uraliskiy politekhnicheskiy institut, Ural'skiy institut
chernykh metallov i Magnitogorskiy metallurgicheskiy kombinat,
(Rolling (Me‘alwork))
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Caleulating deformations in the forming and edging grocves
during the rolling of T-gections. Stal! 22 na,10:925-928

4 0162, (MIRA 15:10)
1. Ural'skiy politekhnicheskiy institut 1 Chusovoskoy metallurgicheskiy
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BAAKASHVILI, V.S.; TARNOVSKIY, I.Ya.; KHASIN, G.A.

e

Plasticity of heat-resistant and stainless steels and alloys at
high temperatures., Soob. AN Gruz, SSR 28 no.2:211-216 F 'éz.

(MIRA 15:3)
1. AN GruzSSR, Institut metallurgii, Tbilisi. Predstavleno

akademikom F.N,Tavadze.
(Metals--Heat treatment) (Plasticity)
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LEVANOV, A, N,; TARNOVSKIY, I, Ya,

28
Gauge for measuring contact stresses in sa ging. Zav, lab,
no.12:1531=1532 '62. MIRA 16:1)

1, Ural'skiy politekhnicheskiy institut.
(Gauges)




0
APPROVED FOR RELEASE: Thursday, September 26, 2002  CIA-RDP86-00513R001755020004-7"

TARNOVSKIY, K.K.
rience in the mamfacture of starch products from corn.
: 1?)fsal;c’g.pwam. 36 n0.5163=67 My 62 (MIRA 15:5)
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~—— R.h.; GUN, G.Ya.; KOTEL'HIKOV, V.F.; TARNOVSKIY, V.I.;

SKOROKHODOV, A.H,

[Variational principles of mechanics in the theory of metal-
working by preasure} Variatsionnye printsipy mekhaniki v teo-
ri1 obrabotki metallov davleniem. Moskva, Metallurgizdat,
1963. 52 p. (MIRA 17:5)
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for the pressworking of metals] Inzhenernye metody rascheta
tekhnologicheskikh protsessov obrabotki metallov davleniem,

Moskva, Metallurgizdat, 1963, 430 p. (MIRA 17:5)
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[Engineering methods of calculating technological proces~
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leniem. Moskve, Metallurgizdat, 1963. 430 p.
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[Rolling on a blooming mill] Prokatka na bliumings, Mo-
skva, Metallurgiadat, 1963. 388 p. (MIRA 1610)
{Rolling (Metalwork))
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"j-‘!Al_mmR: Tarnovskiy, I. Ya.; Lyaehkb\r, V' Be;

Baskésnvin;,fv'a B.) Khasin, G, A .
i TITLE: ff’aml,a‘éfici'tyb and resistance to d;afd}mation of alloyed types of steel and
. ;alloys at high temperatures IR v o
]

* {CITED BOURCE: fTr. Ural'skogo ne-1,
t

_ "::;;!TOPIC TAGS: alloyed steels, steel e.l:loy.f,
A'_;'faeformation resistance - S

. I'TRANSLATION; Mechanical properties were determineq during the stretching of 12
2 |types of 8lloyed steel (stmctual, tool, and stainless) at 800-1,250 degrees.

“{tests took place on a 5-ton-capacity hydraulic press with a constant speed of
-" |engagement movement of 0.33 meters/sec. Heating and testing of samples took place
.'in & tubular oven with carborundum rods.

i The true resistance to deformation By of .| |
‘ ","the steel of all tested types wag lowered' by 6-10 times -as the temperature of heat.!|

A ing increased, ang leveled off at 1,250 'degrees, -reaching approximately 2 kg/mn2; -
l ifor EI435 alloy ang 3Kn2V8 type steel only, ‘urder theeg‘_conditions, ‘the value of gy,

high-temperature cteel.testing, , | ‘»..
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remained at U kg/mme. The highest &, at 800-1,000 degrees was characterized by
'alloy EI 435 and type EIN78 austenitic steel. At the same time, in the above tem- -
‘perature range, more intensive lowering of the value of 6, takes place in alloya

?and austenitic,steels. For these materials, a continuous increase in plastic
icharacteristica (9" and ‘occurs with an increase in the test temperature. Pre- 1
.eutectold types 12Knh2nbA’and SKhNT steels, in which the value of Y/ changes within |’
the range of 92-100 degrees, possess high plastic properties in the temperature

S 7ange studied. With respect to 4562, 30KnGSNA, Er k78, FXn3, and SKhNT steels,
B ~-tthere is a steady increase in plasticity at a temperature of about 1,000 degrees.

iIn the remainder steels studied, a "breakdown" of plasticity is observed in'the,900.§

T

il,OOO degree rangs. -

i S ; ;

'[ ’ v i :

i

. i
Card 2/2 et e ek Sy ‘

. P P N T
e e T e s e e

IR AT

ol

Cen a4



i G T B B ST B e e

I . PYemD 0 ey POV 020004-
S e o er B 7'” 902 FIA'RDPSG'00513R001755020004_7--

o - AOOW/A126 - -
AUTHORS:  Vaysburd, Ru Ao Tarnovskiy, I. Ya;,-Teterin.-a.'p.";'f*'5~’
. c e e E
TITLE s - On the use of high-speed computers in developing die-forging
technology SRR R o

PERIODICAL: Kuznechno-shtampovochnoye proizvodstvo, no. 2, 1963,710 - 13

TEXT: The authors are of the opinion that for solving the prleems eon- -

nected with the design particulurs of a given component, e;»amfdimensions,g
material, surface finish ete., high-speed computers can be used, . Besides in- -
creasing the productivity. they would eliminate eny gubjective golution of tech-
nological problems. Since the most simple and widespread group cf forgings are’
axially symmetric ones, i.e., forgings of the body-of -revolution type, this
type of forgings ‘would be the first whosé technology could be developed by means
of high-speed computers. The authors glve a detailed description of a universal
program_which 1 being developed at present by 2 team of scientists of the Sec-
tion "Metal Working" of the Ural'skiy politekhnicheskiy ynstitut imeni S. M.

:

</ 182/63/000/003/00F/00T

o

Kirova (Ural Polytechnic Institute im. 5. M. Kirov), and the Laboratory of Forg- - —
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On the use of high-speed computers in,,, o AOOQ/A126;;;;  t _
ings of NIPIGORMASh in cooperation.-with technologists of Uralmashzavod, They - . ' |8
" enumerate the data to be programmed, the technological details to be determined,” = - v
present formulae for determining the subprograms of calculating the forging - - .
volume, fixing the overlap and determining the forging draft., The results of xy
the investigations carried out prove the practicability of using suocessfully - ,/’( o
high~speed electroniec computers for working out the technologioal processes. of '
‘die forging. There are 5 figures, o ' R o
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: " TABNOVSKIY, T,Ya.; LYASHKOV, V,B.; GANAGO, O.A,

Review of V.G, Shal'nav's book "Expanding methgdz oiemetal-
k essure. Kuz.,-shtam. prolzv, 5 no,9:47~
el (MIRA 16:11)
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- _of contact . friction-forces during upsd ting
?h?mechanical properties of the metal and the shape of the

: i 1116 N 163,
deformation center, Kuz.-shtam. prolzv, 5 no 1%:1 1161
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KOTEL'NIKOV, V.P.; TARNOVSKIY, 1.Yny; PUCIKOV, 8.G.

alculation of increases in width §nd forces in

Nomograms for the c
proizve 5 no,12:6-10 D 63, (MIRA 17:1)
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movsm, 'I.Ia.; SKOROH!ODOV, A.NO

Deformatiom, forces,iand the copsumption of emergy in rolling
T-aections ;.n edgln; ‘passes, Izv,vys.ucheb.zav.; chem.?at. 616:2)
101367 ‘630 MIRA

1. Ural'skiy politekhnicheskiy institut.
’ m (Rolling mill
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TARNOVSKIY, I.Ja.

¢ ILYUKOVICH, B.M.; SKOROKHODOV, A.N.
strip rolling with crucifora

Deformations and stresses during. o 163
grooves. Izve VyBe ucheb. zav.; chern, met. 6 no.4: D 1)

; itekhnicheskly institut.
1 Umlﬁski}{ngﬁinz (Motalwork)) - (Deformations (Mochjanics))
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ILYUKOVICH, B.M.

Defowmaﬁion in sheet pasées during the rolling of T-sections, I1zv.
6 no.5:118-122 '63, (MIRA 16:7)

vys, ucheb. 38V.j chern, met.
cheakiy institut.

1, Ural'skly politekhni
(Rolling (Metalwork)) (Deformations (Machanics))
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LEVANOV, AJN.; T;W
Mathods of qxperimental investigation of contact stresses during
plastio deformation, IzVe Vy8e ucheb, zav.; chern. met, 6 10.0:

’ (MIRA 16:8)

73 163,

1, Ural'skly politekhnicheskiy institut,
(Deformations (Mechanios)) (Friction)
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Studying the epures of contact friction forces and normal pressures
in upsetting. I1zv. V/8. ucheb, zav.; chern. met. 6 no.6:121-129
163, (l{[RA 162 8)

1, Ural'skiy politekhnicheskiy institut.
(Parging) (Friction)
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TARNOVSKLE, 1.Ye,; POZDEYEV, A.A.; ODINOKOV, Yu.I.; POPOV, V.M.

the flow rate area of & metal during rollingéon

In&estigating
Izv. vys. ucheb. 2aVe; chern. met.
(MIRA 1619)

large cogging milla,
n0.7:96-105 163,
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TAEEQM§§II,AI.Xa.; POZDEYcV, AoA.; ODINOKOV, Yuels; popOvV, V.M.;
CHICHIGIN, V.A.
Increase in metal width and the corresponding speeds of hori-
zontal and yertical rolls on universal blooming mills., Izv.

met. 6 10.91103-109 '63. (MIRA 16:11)

vys. ucheb. zav.; chern.

1, Ural'skly politekhnicheskiy institute
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KIY, T.3a43 SKORGKHODOV, ANes IL’!UKOVICH,
" rap © metal rolling in open beam passeBe

:&"89 '63.
6 no, 1255 Utra 1731)
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V mill. Stal' 23 no.1l2:

Torque distribution between the rolls of a rolling
(MIRA 1722)
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TARNOVSKIY prof., red.; GOLUBCHIK, R.M., red.izd-va;
A SBUZHINSKATA, L.V., tekhn. red.
calculating the technological

processes of metalworking by pressure] Inzhenernye me-
tody rascheta tekhnologicheskikh protsessov obrabotki

metallov davleniem. Moskva, Metallurgizdat, 1964. 430 p.
: (MIRA 17:3)
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ACCESSTON MRt ARG029560 T T ~- o - 8/0149/64/000/002/0160/0163

AUTHOR: Poksevatkin, M. I.; Tarnovskiy, I. Ya; Levanov, A. No

‘iTITLﬁi Expeg%qqpth} {nvestigation of contact stresses in the sagging of technically
pure metals "

-SOUiCB: IVUZ. ‘Tsvetnaysa metallurgiya, no. 2, 1964, 160-163

“TOPIC TAGS: contact stress, pure metal, plastic daformation, friction, Armco {ron,
Ecoppet, zinc ,copper :

4ABSTRAST: In this paper the authors investigate the ratio Tmean:Ts and the index of
;the friction forces ¢ * Tmean:pmean (Tmean’pmean are the specific forces of fri-tiom
' in a normal pressure averaged on the contact surface; T, {8 the consistency 1i{mit in

shear) which most completely characterize the forces of external frictiom during

plastic deformation in the cold sagging of copper, ginc, and Armco iron. The de=~

pendences of friction and pressure and the various matals are presented in graphs.
The experimental data ghows 1) the forces of friction egsentially depend on the

" focus form of the deformation at a given state of the working surface, 2) the ratios..

" between the friction forces and normal pressure depend ca the tempetature-velocity ‘
con i;;on of deformation, pachanical properties of the matal or alloy and especially

o r———— 3 b G et —

P ——
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'ACCESSION NR: AP4029540

on the changa of these properties during deformation, 3) mechanical properties of .
. the metal or alloy on the contact surface can differ considerably from those in the
‘basic volume of the body which is connected with the hardening process and tempera-,

*iture changes. Orig. art, hass 2 figures and 1 table. » |

ASSOGIATION: Ural'skiy politekhaicheskiy institut (Ural Polytechnical Institute)
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1 :
i AUTHOR: Tarnovskiy, I. Ya.; Baakashvili, V., S.3 Khasin, G. A.
M ._______M.-—w“*-..m.».- —

ETITLE: Mechanical properties of mattenllilc and austenitic-ferritic

!staela !

SQURCE: Kuznechno~shtampovochnoye proizvodstvo, no. 7, 1964, 9-12

( TOPIC TAGS? martensitic steel, austenitic ferritic steel, heat P
" vrasistant steel, stainless steel, high speed steel, steel mechanical

property, steel heating method . ;

ABSTRACT: A study is made of the deformation resistance of heat-re=
sistant stainless steals at various temperatures and deformation rates
following various types of heat Graatment, Cylindrical specimens

‘(diameter-co-length ratio, 0.8) of EI=347sh (sh - glectroslag melted),
'E1~-992, EI-961 (AISI~-422), SKh4SV4AHF, and R=-18 (AISI-TI) martensitic.
isteela and EI&74 (AISI-414), 08Kh20N10G6, 08Kh19N9S2F2, and i
-loxh21N6MZT‘auncanitic-forrltic steals were upset at 900, 1000, 1100, !
ior 1200C, with deformations+of 15, 25, or 402 and deformation speeds

|
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| ACCESSION NR: AP4042507 .
lof 0,05, 7.5, or 150 sec”!, Test specimens were either heated to thae!
test temperature, held for 10 min, and then upset, or heated to a
higher temperature (1200C), held for 10 min, furnace cooled .to the

test temperature and held there for 10 min, and then upset, The
 high=speed R=18 and EI~347 sh steels and the high-carbon EI-992
martensitic steel had high deformation resistance at all deforma=
tion speeds, ' The deformation resistance of the martensitic steels
increased at a higher rate and was higher in magnitude when heated

by the second method. For the E1347 sh steel upset 30Z at 900C, the
difference in the absolute magnitude was about 102 and 5% at deforma~-.
tion speeds of 0,05 sec 1 and 7.5 sec'l. respectively, The difference
decreases with increasing test temperature, Similar behavior was ;
observed in the EI-992 steel., In contrast, the increase in the de- !
formation resistance of the austenitic-ferritic steels heated by any
.method is practically the same. The higher deformation resistance of
' martensitic steels heated by the second method is explained by the :
| presence of W, V, Mo, and Cr carbides, which at 1200C partially :
idissolve and strangthen the y=solid solution, Orig. art, has: &

! fi{gures and 1 table. \

L]

1
i

:Card 2/84 L - ' . \\




; SERH !uﬁ":?“-ﬁfm b e O e R e @%ﬁﬁ@*ﬁ%
i TS B 55020003-7 Zi

iZPRZPIIZLIIRT 7
D FOR RELEASE: Thursday, September 26, 2002  CIA-RDP86-00513R001755020004-7"

_TARNOVSKIY, J.Ya.; VAYSBURD, R.A.; YEREMEYEV, G.A.; GANAGO, O.A.
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Streeaed and deformed state during the upsetting of a thick strip
vith one external zone.  1zv, vys. ucheb. zav,.; chern. met, 7
no.3:95~101 '64. (MIRA 17:4)
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POKSEVATKIN, M. I.; TARNOVSKIY, I. Ya.; LEVANOY, A, N.

Al ine Taw,

tact stresses during

New methods of measuring con
4:93-96  164. : -

vyss.ucheb.zav.; chern.met.7 no.
stresses during metalworking by presaure in

Determining contact
connection with the mechanical properties of metals. Ibid,.:97-102,
(MIRA 17:5)

1, Ural'skiy politekhnicheskiy institut,
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KOTSAR', S. L.;TARNOVSKII, 1. Ya,.
of the movement of

Stressed and deformed state and the equation
a strip being gripped by ‘the rolls. Izv.vys.ucheb.zav.; chern-
met.7 no. 5:75-80 164e (MIRA 17:5)

1. Uraltskiy politekhnicheakiy jnstitut.
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1.;_TARNOVSKIY, 1. Ya.; LEVANOV, A. N.; KHASIN, G. A.

Contact stresses during the hot upsetting of carbon and alloyed

ateelse lzv. vys. ucheb. zave; chern, met, 7 n0.6:103-108 64,
(MIRA 17:7)
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Tncrease in width and pover conmmption during rolling with g

smooth rolls, using tension. Izv. vys. ucheb, zave} chern, ) K

mets 7 no.7:96=103 *64 (MIRA 178 .
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amics of the gripping of a strip by the rcllers., Izv. vys.
D":Y;r'z]mb. zav.; chern. met, 7 no,7sl32-138 Y64 (MIRA 1738)

i. Urallskiy politekhmicheskiy institu®s
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Calculating metal pressure on the féllé during sheet rolling,
Tzv. vys, ucheb, zav.; chern. met., 7 no.8184-92 ‘&4,
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KOLMOGOROV, V.L.; TARNOVSKIY, I.Ya,; YERIKLINISEV, V.V, ~

New method of stress caiculatione in the pressure working of
.metals, Izv, vys, ucheb, zev,; chern, met., 7 no.9:7,~80 '64,
(MIRA 1726)
1, Ural'skiy nauchnc-issledovatel'skiy institut chernykh
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KOLMOGOROV, V.L.; TARNOVSKIY, I.Ya,; YERIKLINTSEV, V.V,

P e T i

Stressed state during the upsetting of a thick strip, Report
no,}., 1lzv, vys. ucheb, zav,; chern. met, 7 no,9:95-101 164,

(MIRA 17:6)
1, Ural'skiy nauchno-issledovatel'skiy institut chernykh
metallov 1 Ural'skiy politekhnisheskiy inatitut,
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